Background: Recent studies have demonstrated an increased incidence of pancreatitis in patients with type 2 diabetes compared with obese nondiabetic individuals. Serum lipase and pancreatic amylase concentrations are used in conjunction with clinical findings to diagnose pancreatitis.
Introduction
In recent years, postmarketing safety surveillance has raised concerns about the risk of pancreatitis in patients with type 2 diabetes who receive antidiabetic therapies. The US Food and Drug Administration has issued safety alerts that identified cases of acute pancreatitis associated with the glucagon-like peptide-1 receptor agonists, exenatide and liraglutide, and with the dipeptidyl peptidase-4 inhibitor, sitagliptin. [1] [2] [3] Because acute pancreatitis is associated with considerable morbidity and mortality, the Food and Drug Administration has recommended revisions to prescribing information to alert health care professionals to this potentially serious adverse event. However, a caveat to these reports is that a definitive diagnosis of pancreatitis was available for only a portion of these cases; many patients who received exenatide did not have imaging studies or other diagnostic procedures to confirm the diagnosis. This issue is further complicated by an increased incidence of pancreatitis observed in individuals with type 2 diabetes compared with individuals without diabetes. Measurement of serum lipase and pancreatic amylase concentrations, although useful in the differential diagnosis of acute abdominal pain, 7 can be confounded because abnormally high levels are found in diseases other than pancreatitis, including hyperglycemia, dehydration, ketoacidosis, and benign pancreatic hyperenzymemia, and in cases of traumatic injury and recent surgery. [8] [9] [10] The objective of this post hoc analysis was to evaluate the variability in pancreatic enzyme concentrations in type 2 diabetic and obese nondiabetic (control) populations.
Materials and methods

Subjects and study design
Subjects were recruited for two large clinical trials that included individuals with type 2 diabetes (ClinicalTrials.gov NCT00637273) and overweight/obese individuals without diabetes (NCT00673387). Subjects were at least 18 years old and had a body mass index of 25-45 kg/m 2 and 27-45 kg/m 2 in the diabetes and obesity trials, respectively. Subjects in the diabetes trial had an HbA 1c measurement of 6.5%-11.0% at screening. Subjects in the obesity trial were excluded from participation if fasting plasma glucose was $126 mg/dL at screening and/or there was a history of diabetes. Serum lipase and pancreatic amylase were measured in the subjects at screening and at baseline (prior to treatment with study medication), up to 2 weeks later in the diabetes trial, and up to 5 weeks later in the obesity trial. All samples were assayed by the same laboratory (Quintiles Laboratories Ltd, Marietta, GA) using the same enzymatic colorimetric assays. Normal ranges of pancreatic amylase and lipase were defined as 13-53 IU/L and 0-60 U/L, respectively. Participating study centers conducted trials using a clinical protocol approved by their respective institutional review boards. All participants gave their written informed consent. Studies were conducted in accordance with the principles described in the Declaration of Helsinki, including all amendments through the 1996 South Africa revision.
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Statistical analysis
Mean ± standard deviation enzyme concentrations and changes in concentrations from screening to baseline were summarized for each subject population, separated by subjects who failed screening (screening data only) and subjects who did not fail screening who were randomized (screening and baseline data available). The proportion of subjects with abnormal pancreatic amylase and/or lipase values greater than once, twice, and three times the upper limit of normal (ULN) were also summarized. Two-sample t-tests were used to compare the mean pancreatic enzyme concentration by analyte and visit between the two study populations (type 2 diabetic versus obese nondiabetic) in subjects who were subsequently randomized into their respective studies. A correlation analysis between HbA 1c and each pancreatic enzyme was also conducted by analyte and visit, separately for subjects who failed screening and subjects who were randomized.
Results
Patient disposition and baseline characteristics
This analysis included data from a population of subjects with type 2 diabetes (screening, n = 917; baseline, n = 514) and a population without diabetes who were overweight or obese, but otherwise healthy (screening, n = 952; baseline, n = 608). The higher number of subjects at screening compared with baseline reflects the inclusion of screening failures at the screening time point. Analysis of the screen failures (type 2 diabetic, n = 403 and obese nondiabetic, n = 344) showed no apparent difference in mean amylase and lipase concentrations in this group compared with those individuals who were randomized to study medication (ie, the baseline group, see Figure 1 ). Although amylase and lipase concentrations above normal and a history of pancreatitis were not exclusion criteria in either trial, potential subjects could fail the screening on the basis of abnormal laboratory findings or medical conditions judged by the investigators to be clinically significant. Subjects received no therapeutic intervention (including dietary modification) between the screening and baseline time points. Demographic and baseline characteristics at baseline varied somewhat between the type 2 diabetic and obese nondiabetic populations ( Table 1) . The difference in ethnicity between the two populations was due to the nondiabetic obesity trial being conducted in the US, whereas the diabetes trial was conducted in multiple countries.
Lipase and pancreatic amylase concentrations
Overall, lipase and pancreatic amylase concentrations were elevated in more subjects with diabetes than in subjects without diabetes in the randomized subject population. The mean lipase concentration was 29% higher in type 2 diabetic subjects than in obese nondiabetic subjects at screening (42.2 ± 28.7 U/L versus 32.8 ± 25.5 U/L, respectively; P , 0.0001) and baseline (43.0 ± 33.4 U/L versus 33.3 ± 13.7 U/L; P , 0.0001, see Figure 1A ). submit your manuscript | www.dovepress.com
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Data for screen-failure subjects are shown in Figure 1A and B. In contrast, mean pancreatic amylase concentration was only slightly (6%-7%) higher in type 2 diabetic subjects compared with obese nondiabetic subjects at both screening (27.7 ± 19.8 IU/L versus 25.8 ± 10.3 IU/L; P = 0.05) and baseline (27.2 ± 16.3 IU/L versus 25.7 ± 9.9 IU/L; P = 0.07, see Figure 1B ).
At screening, more subjects in the type 2 diabetic group had elevated (.ULN) lipase (13%) or elevated pancreatic amylase (6%) concentrations than did subjects in the obese nondiabetic group (4% and 2%, respectively). Similar proportions of elevated enzyme levels were seen at baseline (Figure 2A and B) . The proportion of subjects with elevated enzyme levels (.ULN) at screening was similar in subjects who failed screening and subjects who were randomized in each study. Elevations in lipase or pancreatic amylase three times above (3 ×) ULN were rare. In the screened type 2 diabetic population, 13 subjects (1.0%) at screening and two subjects (0.4%) at baseline had .3 × ULN lipase levels; in the obese nondiabetic population, two subjects (0.2%) at screening and no subjects at baseline had .3 × ULN lipase concentrations ( Figure 2) . Examination of the medical histories for the randomized subjects with lipase .3 × ULN 
revealed that the subjects had histories of hyperlipidemia, dyslipidemia, hypercholesterolemia, a hepatobiliary disorder, or obesity. Evaluation of categorization of subjects by normal (#ULN) or high (.ULN) enzyme status showed a change in status from screening to baseline for many subjects (Figure 3 ). In the type 2 diabetic population, 53% (31/58) of subjects with elevated lipase and 54% (14/26) with elevated pancreatic amylase at screening had normal levels at baseline. In the obese nondiabetic population, 53% (10 of 19) of subjects with elevated lipase levels and 70% (7/10) with elevated pancreatic amylase levels at screening had normal levels at baseline. Elevations in lipase or pancreatic amylase were not associated with abdominal pain at the time the samples were obtained, nor were any symptoms of pancreatitis identified in subjects with elevated concentrations. Additionally, in the subjects with type 2 diabetes, the correlation between HbA 1c and lipase or pancreatic amylase concentrations were all weak at screening or baseline (correlation coefficient between -11% and 8%, with most P values .0.05, Figure 4 ).
Discussion
The results of this exploratory analysis show that pancreatic enzyme concentrations are generally higher in individuals with type 2 diabetes than in those without diabetes, are highly variable between individuals, and vary over time. Subjects with diabetes were more likely to have abnormal enzyme concentrations than were subjects without diabetes. Over half of the subjects with elevated enzyme concentrations at screening had normal concentrations at baseline 2-5 weeks later. These results are consistent with previous reports showing that the type 2 diabetic population is likely to have enzyme elevations in the absence of pancreatitis. 8, 12 The etiology and significance of these asymptomatic increases in pancreatic enzymes in the type 2 diabetic population is still unknown and warrants further investigation.
The incidence of pancreatitis has increased in the general population in the past two decades, 13 much of which may be due to alcohol abuse, obesity, cholelithiasis, and hypertriglyceridemia. [13] [14] [15] Moreover, an association between increased risk of pancreatitis and type 2 diabetes has been observed. [4] [5] [6] In a study of 337,067 patients using a large US health care database, patients with type 2 diabetes were at a 2.8-fold greater risk of developing pancreatitis compared with individuals without diabetes (95% confidence interval -2.61 to 3.06). 6 Although the direct pathogenic mechanism by which diabetes increases the susceptibility to pancreatitis is unknown, insulin resistance and hyperglycemia appear to be important factors linked to the increase in pancreatitis in individuals with type 2 diabetes. 16 A previous study of amylase and lipase abnormalities found that pancreatic enzyme concentrations increased with metabolic disequilibrium such as hyperglycemia (and poor glucose control), dehydration, and ketoacidosis. 8 However, in the current analysis, no correlation was found between HbA 1c and lipase concentrations in the type 2 diabetic group. There is 98% 1% 1% 1% Figure 3 Categorical designations, ie, normal (#ULn) or elevated (.ULn), indicating percentages of subjects with no change, change from elevated to normal, or change from normal to elevated from screening to baseline. Note: number (n) of subjects included in this analysis was based on the number of subjects with available data at screening and baseline. Note: Percentages may not add to 100% due to rounding. Abbreviations: ULn, upper limit of normal; p-Amylase, pancreatic amylase. submit your manuscript | www.dovepress.com Dovepress Dovepress also no clear explanation for the high rate of variability in pancreatic enzyme concentrations, as demonstrated by the majority of type 2 diabetic subjects with elevated enzymes at screening returning to normal 2 weeks later.
Elevations in lipase above 3 × ULN, in the absence of renal failure, are generally consistent with acute pancreatitis. 7 In this analysis, elevations above 3 × ULN were rare, but did occur in 12 subjects without pancreatitis. Notable comorbidities or histories of dyslipidemia, hyperlipidemia, or hepatobiliary disorders were found in all patients with lipase .3 × ULN. Due to the small number of patients affected, a definitive link could not be made between the presence of diabetes, lipase .3 × ULN, and the comorbidities associated with pancreatitis; however, the association of these factors warrants further study. Excessive alcohol consumption (more than 1-2 drinks per day) was an exclusion criterion for the clinical trials included in this analysis, so alcohol was less likely to be a contributing factor to enzyme elevations in these studies. However, obesity and hyperlipidemia were prevalent in these subjects; in addition to the subjects in the obese nondiabetic group, many of the subjects in the type 2 diabetic group included in this analysis were obese, with a mean body mass index of 32 kg/m 2 . Only a weak correlation was found between HbA 1c and lipase concentrations in the type 2 diabetic group.
Limitations
Although the two studies were similar in many ways, there were some differences in baseline characteristics that had an unknown effect on enzyme concentrations in this analysis. In both trials, potential subjects could be excluded from participation on the basis of abnormal laboratory findings or medical conditions judged by the investigators to be clinically significant (including chronic pancreatitis). However, gender, race, body mass index, and body weight were different between the groups at screening. The effect of these factors is unknown, and this limitation reflects the retrospective nature of the analysis. A prospective, controlled analysis would help to elucidate the etiology of pancreatic enzyme elevations in these populations. Further, elevations in enzymes may have been influenced by comorbidities commonly found in diabetic and obese nondiabetic patients (eg, cholelithiasis, hypertriglyceridemia). However, it is not possible to speculate whether patients without risk factors for pancreatitis (ie, healthy subjects) would have similar incidences of increased pancreatic enzyme concentrations, because this study only included patients with diabetes and obesity, both of which are common comorbidities with pancreatitis. This analysis was also limited to two time points relatively close together (,5 weeks), thus a longer, noninterventional analysis and follow-up imaging or other confirmatory procedures completed during the screening period are not available.
Conclusion
Overall, subjects with type 2 diabetes had higher pancreatic enzyme concentrations than those without diabetes prior to treatment with the study medication, and enzyme concentrations varied greatly, both between subjects and in the same subject over time. The results of this post hoc analysis suggest that in patients with type 2 diabetes, asymptomatic elevations in pancreatic enzymes are common and may confound the diagnosis of pancreatitis. Enzyme concentrations .3 × ULN should be considered in context with compatible clinical features of pancreatitis, as recommended in recent clinical guidelines. 7, 17 The potential underlying connection between elevated asymptomatic pancreatic enzyme concentrations and diabetes warrants further investigation in patients with type 2 diabetes.
